Introduction
A reversed micellar solution system has been noted as novel separation media for proteins (Pires et al., 1996) and reaction media capable of utilizing an enzyme in organic solvent (Shield et al., 1986) . It is well known that an enzyme immobilized in reversed micelles ordinarily exhibits a super activity in a restricted environment. The reversed micelle system facilitates the use of hydrophobic substrates and the synthetic reactions such as amidation or esterification, which are reverse reactions of hydrolysis. When a reversed micelle system is applied to a synthesis reaction, however, it has two inherent problems. Firstly, the separation of the product from a reversed micelle medium involving surfactants is difficult. Secondly, the amount of water molecules contained in the reaction medium inhibits the synthesis reaction even at very low amounts. Therefore, in order to overcome these problems, a novel method was applied of reversed micelle solutions containing chosen enzymes to work as nanostructural liquid bioreactors for hydrolyzing amino acid derivatives in aqueous solution. In this study, dioleylphosphoric acid (abbreviated as DOLPA) was employed as a surfactant to formulate reversed micelles. The surfactant does not dissolve in the aqueous solution and forms highly isolated aggregations in the organic medium (Nonaka et al., 1995) . The enzyme ␣-chymotrypsin immobilized in the reversed micelles was dispersed in the external feed solution containing aqueous-soluble substrates. The dispersed droplets containing enzymes act as discrete single entity nanostructural bioreactors and effectively catalyze the hydrolysis reaction in aqueous media. The liquid immobilized enzymes were easily reused by collecting the upper reversed micelle phase after the timed reaction was completed.
Experimental

Materials
The surfactant dioleylphosphoric acid (DOLPA) was synthesized according to the procedure described in the previous paper . ␣-Chymotrypsin (EC 3.4.21.1) from Sigma was used as a model protein in this study. The enzyme was immobilized in reversed micelles prepared with 10 mM DOLPA according to earlier designed contacting method . Decane which has a high vapor pressure was used as the organic solvent. N-Benzoyl-l-tyrosine-p-nitroanilide (Sigma) was used as a substrate.
Enzymatic reaction
The reversed micelle solution containing 1 g ␣-chymotrypsin /l was used as a standard liquid-immobilized enzyme: 0.5 mL reversed micelle solution was dispersed into a 5 mL aqueous solution containing 0.2 mM substrate. The pH in the external feed solution was adjusted to 7.8 with a 50 mM phosphate buffer solution. The hydrolysis reaction was conducted by stirring the solution vigorously with a magnetic stirrer. The reaction was monitored by periodically taking samples to measure the produced p-nitroaniline at 380 nm. Figure 1 shows a schematic diagram of liquid-immobilized enzymes. Under the present experimental conditions, the hydrolysis reaction was smoothly carried out by applying the ␣-chymotrypsin immobilized in the reversed micelle solution. Results show that amino acid derivatives were completely converted to N-benzoyl-ltyrosine and p-nitroaniline within ten minutes. The reversed micelle solution phase was readily separated from the external aqueous solution just after stirring.
Results and discussion
The concentration of ␣-chymotrypsin in the external aqueous phase was not detected. This result implies that ␣-chymotrypsin enzyme was very stable in the reverse micelle solution under the present experimental condition.
This phenomenon was attributed to the favorable water pool environment in the reverse micelles. The collected reversed micelle solution was reused and the activity of immobilized enzymes was confirmed to be stable even after five repeated operations. When the surfactant DOLPA was replaced by a commercial surfactant AOT (sodium di-2-ethylhexyl sulfosuccinate) the activity of the enzyme was remarkably reduced to less than 20% relative to the initial activity in the second operation . The high storage stability of DOLPA reversed micelles is considered to be due to the better distinct characteristics of the aggregations (Nonaka et al., 1995) .
The time profile of the activity is shown in Fig. 2 for the encapsulated enzyme in the reversed micelles and for the dissolving enzyme in the buffer solution. The enzyme activity in the buffer solution significantly decreased with time and attained to half the original activity within a week later. By comparison, the entrapped enzyme showed a high stability and remained at more than 70% activity for the successive two months.
One of the reasons for the decrease in the activity of protease is considered to be the autohydrolysis in aqueous media; protease is known to hydrolyze by itself. Therefore, the high stability of enzymes immobilized in reversed micelles is deduced to be caused by the isolation state of entrapped enzymes in water pools of reversed micelles as shown in Fig. 1 . The surfactant shells prevent direct interaction of enzyme molecules. Figure 3 shows the comparison of the activity changes between immobilized enzymes in reversed micelles and the dissolved enzyme in the buffer solution at different reaction temperatures. The enzyme activity in the aqueous solution phase significantly decreased at temperatures above 40°C, whereas enzymes in the reversed micelles showed high thermal stability characteristics with considerably high activity at 50°C. This result suggests that the water pools in DOLPA reversed micelles provides an insulating environment for the biocatalyst and permits a high activity under restricted conditions.
Hence the liquid-immobilized enzymes are rendered suitable to amino acid derivatives and ester hydrolysis reaction at high temperatures.
Conclusions
A novel reversed micelle system carrying a liquid-immobilized enzyme has been applied to the hydrolysis reaction in the aqueous media. The results obtained show that enzymatically activated reverse micelles are potential catalysts for the amino acid hydrolysis reaction. Entrapped enzymes in reversed micelles show extremely stable characteristics due to the isolation or discrete existence of enzyme molecules. The stable immobilized enzyme system permits the usage of enzymes at fairly high temperatures. Furthermore, it has become possible to tailor native enzyme properties by utilizing favorably designed environments in reversed micelles. 
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